Differences in the Fine Structure of the Mucosa of Mouse Cheek and Palate*  by Osmanski, C.P. & Meyer, J.
TuE JOURNAL OF INVESTIOATIVE DERMATOLOOT
Copyright 1567 by The Williams & Wilkins Co.
Vol. 48, No. 4
Printed in U.S.A.
DIFFERENCES IN THE FINE STRUCTURE OF THE MUCOSA OF
MOUSE CHEEK AND PALATE*
C. P. OSMANS1CI, D.D.S. AND J. MEYER, PaD.
Studies of the fine structure of keratinizing
epithelium have tended to treat all regions of
the oral cavity of rodents as equivalent, and
indeed it is true that their Whole oral cavity
is lined by a mucosa with orthokeratotie epi-
thelium. However, different regions differ in
histology, histoehemistry, quantitative histo-
chemistry, and mitotie activity (1, 2, 3).
Since the mueosa of the palate in the molar
region and that of the cheek in the oeelusal
plane are at the opposite ends of the spectrum
with respect to most of the known regional
variation, we selected these two regions for
study of their ultrastructural differences. No
attempt was made to describe in detail struc-
tures which are common to both regions and
which have been adequately described by pre-
vious workers (4, 5, 6, 7, 8, 9, 10). Rather, the
purpose of this investigation was to find out
what differences in fine structure are associated
with the known regional differences.
MATERIALS AND METHODS
The tissue examined was obtained from ten
young adult male albino mice. The palatal mucosa
was taken from the molar region midway between
the midline and the gingiva; the buccal mucosa
was taken from the molar region at the level of
the occlusal plane. The tissue was fixed in cold
1% osmium tetroxide (veronal acetate buffer) for
30—45 minutes, embedded in Durcupan-ACM
(Fluka AG.) and stained with lead citrate and
uranyl acetate. Sections were cut on a Porter-
Blum microtome with a diamond knife, mounted
on copper grids and examined with a Phillips EM-
75D microscope.
OBSERVATIONS
Lamina Pro pria (Fig. la and b)
A surprising finding in this layer was a
marked difference in the average thickness and
* From the Department of Oral Pathology, Uni-
versity of Illinois College of Dentistry, Chicago,
Illinois.
This work was supported by a research grant
from the Council for Tobacco Research, PRS
grant DE 02342, PHS grant 5-SO i-FR-05309, and
Training grant De 5-12 to the senior investigator.
Received for publication May 18, 1966.
309
range of the collagen fibrils. In the palate, the
fibril diameter ranged from 227 to 1090 A,
averaging 516 28 (SEM), whereas in the
cheek the diameter varied from 204 to 411 A,
with an average of 268 6. The fibrils of
both regions were grouped into bundles.
The palate possessed more fibrils per unit area.
Much finer fibrils were also noted in both re-
gions. These were diffusely distributed near
the basement membrane. In the basement mem-
branes, one could distinguish thickenings
corresponding to the "half-desmosomes" of the
plasma membrane of the basal cells. They were
especially clear in the cheek (Fig. la).
Basal Cell Layer (Fig. 2a and b)
The plasma membrane facing the basement
membrane exhibited larger and more frequent
"half-desmosomes" in the palate (Fig. lb).
Elsewhere the desmosomes were distributed
haphazardly along the cell borders in both re-
gions. The plasma membranes appeared more
electron dense in the cheek.
The cytoplasm of the basal cells in both
regions contained a fibrillar (tonofilaments)
and a granular component. (The dimensions of
the granular component were in agreement
with those given for RNP particles, 100—200
A.) Both of these components were more promi-
nent in the palate, and this accounted for the
greater density of the cytoplasm of the palatal
basal cells. In the cheek an occasional Golgi
zone and some endoplasmie reticulum could be
seen. In the palate it was difficult to distin-
guish organelles other than mitoehondria,
probably because of the great density of the
cytoplasm. These quantitative differences, the
greater prominence of fibrillar and granular
components and the lesser density of the
plasma membrane in the palate, became more
marked at higher levels of the epithelium.
Lower ,Spinou.s Layer
In both regions the lower spinous cells were
similar to the cells of the basal layer. The
regional differences persisted: the cytoplasm
FIG. 1. Junction between epithelium and connective tissue; a) cheek, b) palate. Note
differences in diameter and abundance of collagen fibrils; length and frequency of half-
desmosomes; and density of cytoplasm. )< 33,500.
.Fie. 2. Lower spinous layer; a) cheek, b) palate. Note diffuse dlstribution of tonofila-
ments in both regions; and difference in density of cytoplasm. X 33,500.
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was more dense in the palate, and the plasma
membrane of the cheek stained more dis-
tinctly. The number of desmosomes ap-
peared equal in cheek and palate, hut in the
palate they were associated with more and
longer tonofilaments. No other organizational
pattern was apparent; the tonofilaments and
RNF particles were diffusely distributed
throughout the cytoplasm in both regions.
Upper Spinows Layer (Fig. Sa and b)
At this level qualitative as well as accentua-
tion of quantitative differences between
cheek and palate could be observed. In the
cheek the tonofilaments remained diffusely dis-
tributed, discrete structures, but in the palate
they were aggregated into bundles with and
without relation to the desmosomes. Rather
obvious differences in the frequency of desmo-
somes appeared at this level. They were much
more numerous in the palate. As in the lower
stratum spinosum, they were associated with
more and longer tonofilaments.
Round or oval bodies measuring 60—180 mt
in diameter were observed in the cytoplasm
of both cheek and palate. Although their mor-
phology was somewhat indistinct, they ap-
peared membrane-enclosed. They were not as-
sociated with the granular component or with
tonofilamcnts. In the cheek they were most
commonly seen near the cell border facing the
surface of the epithelium and were the most
electron dense structures the cells contained.
In the palate they were much less electron-
dense and often appeared vesicular.
Lower Granular Layer (Fig. 4a and b)
Round bodies were again noted in both
check and palate, and in both regions were
increased in number. Their respective appear-
ance was essentially unchanged. In the cheek
their opacity approached or equalled that of
keratohyalinc granules (KHG), whereas in the
palate they were much less opaque than the
KHG. In both regions they were transitory
structures and no longer visible in the upper
part of the granular layer.
Because of the difference in density, the
KHG of the palate were easily distinguished
from the round bodies. KHG of the cheek, al-
though of similar density as the round bod-
ies, could be distinguished because they were
associated with the granular component and
never appeared to be membrane-enclosed.
The KHG of cheek and palate differed.
They were less numerous in the cheek and
were associated with the granular component
only, whereas in the palate they were asso-
ciated with both the granular component and
with bundles of tonofilaments.
Upper Granular Layer (Fig. fla, b, and c)
At this level, striking differences in the
KHG of check and palate were present. The
KHG of the palate were extremely irregular
in size and shape. As in the lower granular
cells, they were associated with the granular
component and with bundles of tonofilaments.
The KRG of the check varied in size, but were
all of regular round or oval shape. As before,
they were associated with the granular com-
ponent only.
As in the preceding layers, the cytoplasm
of the palate was denser than that of the cheek
but the plasma membrane of the cheek stained
more heavily. The frequency and length of the
desmosomcs were greater in the palate. A de-
crease in the length of desmosomes was noted
in the cheek (Fig. 5c), whereas no obvious
change was seen in the palate. The tonofila-
ments in the palate were aggregated into bun-
dles and associated with desmosomes and
KHG's. In the cheek they were diffusely dis-
tributed in the cytoplasm and associated with
desmosomes only.
Keratin Layer (Figs. Ca, b; 7a, b; 8a and b)
Both regions showed a dramatic difference
between the granular and the keratin layer.
There was an abrupt increase in density of
the cytoplasm. There was also an abrupt in-
crease in the stainability of the cell mem-
branes, which gave rise to a marked contrast
in the staining of the membrane forming the
superficial boundary of the last granular cell
and that forming the deep boundary of
the adjacent transitional or keratin cell (Fig.
6a andb).
Striking differences between buccal and
palatal keratin layers were observed in cell
configuration and density of the cytoplasm.
The cell boundaries in the cheek were ex-
tremely convoluted and the arrangement of
the cells was irregular; the boundaries in the
FIG. 3. Upper spinous layer; a) cheek, b) palate. Note differences in desmosome Ire-
cluency; organizational pattern of tonofilaments; and stainability of plasma membranes.
X 33,500.
FIG. 4. Lower granular layer; a) cheek, b) palate. Note presence of round bodies (ar-
rows) and keratohyaline granules in both regions; and diffuse distribution of tonofilaments
in cheek. X 33,500.
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FIG. 5. Upper granular layer; a, c) cheek, b) palate. Note absence of round bodies in
both regions; difference in shape of KHG; their association with granular component only
in cheek and with granular and fibrillar component in palate; decrease in length of desmo-
somes in cheek (compare Fig. 5c to Fig. 3a). X 33,500.
FIG. 6. Junction of granular and keratin layers; a) palate, b) cheek. Note in both regions
differences in the staining of cell membranes at this junction; and in the cytoplasmic
density of granular (G) and keratin (K) cells. X 33,500.
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FIG. 7. Keratin layer; a) cheek, b) palate. Note difference in cell outlines. X 12,400.
FIG. 8. Keratin layer; a) cheek, b) palate. Note fibrillar cytoplasmic pattern in cheek
and mottled cytoplasmic pattern in palate. X 33,500.
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palate were regular and the cells arranged in
even layers (Fig. 7a and b). The bulk of the
cytoplasm in the cheek was occupied by a
rather dense fibrillar network, but in addition
it contained irregular unidentified opaque
structures (Fig. 8a). The cytoplasm in the
palate was much more opaque, bundles of
tonofilaments could no longer be recognized;
instead the cytoplasm presented a mottled
electron dense appearance (Fig. 8b).
It was not uncommon to see nuclear rem-
nants in the lower keratin layer in both cheek
and palate, but in the most superficial layers
traces of the nucleus were hardly ever seen.
DISCUSSION
Ultrastruetural differences between mouse
palatal and buccal mucosa were demonstrable
in every layer and grew more marked with
outward progression of the cells. In discussing
the differences in fine structure, it will be
helpful to recall the known light-microscopic
differences between cheek and palate mucosa.
The unkeratinized mucosa of the human cheek
and the keratinized mucosa of the palate ex-
hibit light-microscopic differences in all lay-
ers, which have been interpreted as facilitat-
ing distensibility in the lining of the cheek
versus resistance to mechanical stress in the
lining of the palate (11). Mouse cheek and
palate mucosa are orthokeratinized, but the
light-microscopic differences between them
are nearly as marked as in man. They have
been interpreted as the respective adaptations
of two orthokeratotie regions to distensibil-
ity versus mechanical strength (12).
Some of the ultrastruetural differences, e.g.
in the diameter of the collagen fibrils, in
density of cytoplasm, in size and frequency
of desmosomes, and in the morphology of the
keratin layer, appear directly related to the
adaptive differentiation of the two regions.
Although previous workers studied various
species and regions (13, 14, 6, 15), regional
differences in diameter of collagen fibrils
have only been described by Sehwarz (13) in
human cornea and selera (30—35 m in the
cornea as against 100 in the selera). Schwarz
related this contrast to the difference in
transparence of cornea and selera. The similar
contrast in average and range of fibrils in
mouse cheek and palate mucosa is clearly of
adaptive significance for the rigid attach-
ment of the palatal mueosa to a plate of bone
and the mobile attachment of the bueeal mu-
eosa to a distensible muscular organ. The
greater length and frequency of hemidesmo-
somes adjacent to the basement membrane
and of desmosomes in upper spinous and
granular layers in the palate are adaptive in
resisting the mechanical stress produced by
mastication. The smaller size and number of
attachment areas and their early shortening
in the cheek minimize the resistance to dis-
tension of the buceal epithelium. Greater
mechanical strength of the palatal keratin
layer is the result of more keratin synthesis,
indicated by the denser granular component
in the cellular layers, and of the tighter pack-
ing and greater flattening of the cell residues
in the keratin layer. Distensibility of the
keratin layer in the cheek is brought about
by lack of flattening and highly convoluted
cell borders. The concomitant lack in strength
is compensated by a higher rate of shedding,
as evidenced by a higher growth rate (3).
A second group of ultrastruetural differ-
ences between cheek and palate, relating to the
organization of tonofilaments and to the
staining of dense bodies and plasma mem-
branes, comprised differences of probable but
not of clear-cut adaptive significance. Charles
and Smiddy (16) suggest that bundles of tono-
filaments interconnect some of the desmo-
somes of the same cell. The formation of bun-
dles of tonofilaments in the palate and the
lack of it in the cheek would then contribute
to the same contrast of rigidity versus dis-
tensibility as that in attachment areas. Al-
though no regional differences in the transi-
tory dense bodies have been described,
Frithiof and Wersäll (17) suggest that these
bodies may be of different nature in differ-
ent keratinizing epithelia. The present study
showed the denser round bodies of mouse
cheek to resemble the "membrane-coating
granules" that Matolsty and Parakkal (18) il-
lustrate in mouse "oral epithelium" and that
they relate to a PAS-positive material. The
less dense bodies of the palate resembled those
that Odland (19) showed in human skin and
that he believed to be related to degenerating
mitoehondria. The cell membranes in the
cheek appeared more darkly stained in all
layers. Unless this is an artifact due to the
denser cytoplasm in the palate, it reflects a
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similar difference between the two regions as
that in the density of the round bodies.
Both differences may be related to larger
amounts of PAS-positive material produced
in the buccal epithelium. Wislocki et al. (20)
showed that a PAS-positive, diastase-resist-
ant substance was present at the cell borders
of human unkeratinized vaginal epithelium
as well as in various keratinized regions, but
was more prominent in unkeratinized epi-
thehum. Comparing different keratinized epi-
thelia, Wislocki et al. concluded that the amount
of PAS-reactive material "may vary inversely
to the amount of keratin produced" (20). The
present findings point in the same direction. The
larger amounts of intercellular mucins in the
buccal epithelium might be of adaptive value in
facilitating the lateral sliding of cell surfaces
over each other (21).
A third group of the present observations
is of unknown functional significance, i.e. the
differences between the KHG of cheek and
palate and some findings relating to disap-
pearance of the dense bodies. KHG are usu-
ally described as opaque structures of irregu-
lar shapes and sizes associated with bundles of
tonofilaments. This description fits with the
present findings in mouse palate, but not with
those in mouse cheek. The RHO of the cheek
were of highly regular shape and were not
associated with tonofilaments. This, in con-
junction with the gross differences seen in
the light microscope (1), suggests that re-
gional differences in RHO deserve attention.
Our observations on the fate of round bodies
are not entirely compatible with currently
held views. Many authors suggest that the
bodies are secreted from the cell. Matolsty
and Parakkal (18), who share this view, sug-
gest that upon secretion the content of the
bodies coats the plasma membranes, thereby
increasing their thickness. A thickening of
the plasma membrane was noted in this study,
but it was not visible before the junction of
the granular and keratin layers, and then it
occurred abruptly, between adjacent pairs of
cell membranes (Fig. Ga and b). The thicken-
ing, then, occurs several cell layers after de-
crease in number of round bodies. If one wants
to attribute it to coating by material from
the round bodies, a masking effect and a sud-
den release of it must be postulated.
CONCLUSION
It appears that differences in the functional
properties of different orthokeratinizing epi-
thelia may be as marked as those between
unkeratinized and keratinized regions. This
explains why mucosa with orthokeratinized
epithelium can be found as the lining of
regions as different as a mobile muscular or-
gan and an immobile plate of bone. But then
the differences in the ultrastructure of such
linings are so marked that they should not be
ignored. At the least, descriptions of keratin-
izing tissues should specify the regional ori-
gin of the material under study.
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